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Abstract 
The quality and shelf-life of three freshwater fish species of Bangladesh, catla (Catla 
catla), magur (Clarias batrachus) and tilapia (Oreochromis niloticus) stored at room 
temperature and ice were evaluated. Live fishes were killed by cranial spiking and stored 
at room temperature (27-30 °C), ice stored immediately after death, 5 hr after death and 
10 hr after death. The shelf-life and quality of the fishes were evaluated by organoleptic 
method, rigor-mortis studies and bacteriological assessment. 
Fishes kept at room temperature became organoleptically unacceptable within 16-20 
hr duration. Ice stored fishes showed considerable differences in their shelf-life when 
icing was delayed for different duration. Shelf-life of catla ice stored immediately after 
death was 20 days but shelf-life reduced to 12 days when icing delayed for 10 hr after 
death. Similar trend was observed for two other fish species magur and tilapia. Rigor-
index of the fishes stored under different conditions also considerably varied among the 
three fish species, particularly effect of delayed icing was very much evident. 
Bacteriological study showed patterns of Aerobic Plate Count (APC) at the end of shelf-
life study when fishes became organoleptically unacceptable were more or less similar for 
all the three fish species stored under different conditions. No definite pattern was 
observed in the generic distribution of bacteria in different fish species under different 
storage conditions. Micrococcus, Coryneforms, Pseudomonas and Achromobacter were the 
dominant groups of bacteria isolated from the fishes spoiled at room temperature and ice 
stored condition. 
Key words: Icing, Shelf-life, Freshwater fish 
Introduction 
Fish is a very perishable food item. Icing has been considered immemorial days to 
delay the post-mortem changes in fish and keep the quality better. Since most of the 
people involved with fish harvesting and trading in this country are ignorant of the 
concept of quality during handling of fish, the longer shelf-life of these ice stored fish is 
not achieved as would have been expected. 
The shelf-life of ice stored fishes are dependent on proper handling like icing 
method, adequate and optimum ratio of fish to ice, insulating material of the container 
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and most importantly prompt icing after harvest. Delayed icing is an important factor 
which is responsible for shorter shelf-life of fishes. But unfortunately very little research 
has been carried out on this particular topic in this country. Not only that, few 
published reports are available on the shelf-life of ice-stored tropical freshwater fish. 
Bhattacharya (1990) and Bandyopadhay (1986) reported the shelf-life of GZarias batrachus 
and GatZa catZa respectively under various storage conditions. Rubbi et aZ. (1985) also 
studied the shelf-life of six freshwater fish species in different storage temperatures and 
container used. Ramachandran et aZ. (1990) reported that delay of few hours in icing of 
hilsa after catch considerably reduces the shelf-life. 
This paper reports the effect of delayed icing on rigor-mortis, shelf-life and 
bacteriological changes in three commercially important freshwater fish species. 
Materials and methods 
Fish samples 
Three freshwater fish species catla (GatZa catla)), magur (GZarias batrachus) and tilapia 
(Oreochromis niZoticus) were obtained either from local fish farm or from local fish market 
and put in an insulated box with chilled fresh water to transfer to the laboratory. On 
arrival to the laboratory fishes were killed by cranial spiking and kept either at room 
temperature or in ice in an insulated box in the ratio of 1:1 (fish: ice) immediately or 
after 5 and 10 hr exposure to the environmental temperature. The samples were taken 
out from ice at different time intervals to determine the quality of fish by organoleptic 
evaluation, assessing the progress of rigor-mortis and by bacteriological evaluation. 
Quality assessment 
The guidelines and methods used here are based on the scores on the organoleptic 
characteristics of fish as described by European Commission (EC) freshness grade for 
fishery products (Howgate et aZ. 1992) with some modification. 
Rigor-index ofthe fishes were measured according to Baito et al. (1983) and used as 
parameter of rigor tension. At selected time intervals, rigor-index was calculated by the 
following equation: 
Do-D 
Rigor index(%)= ----- x 100 
Do 
Where Do and D are the distances of the base of caudal fin from horizontal line of the 
table at the start and at subsequent periods, respectively. 
The muscle of the fish was collected aseptically at the end of shelf-life study, 
weighed and blended in a sterile blender. The stock suspension of the muscle was 
prepared by homogenizing 10 g of sample with 90 ml of physiological saline (0.85% 
NaCl). Aerobic plate count (APC) expressed as colony forming units per gram of fish 
muscle (CFU/g) of the representative samples were determined by consecutive decimal 
dilution method using plate count agar (Hi media). 
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For qualitative study, bacteria obtained during APC were isolated from the agar 
plates. All the colonies from a plate having discrete colonies were removed and obtained 
pure cultured by streaking and restreaking on to fresh agar plates and finally transferred 
to agar slants. The bacterial isolates were classified up to genus level according to an 
outline of the sequence of tests used in the screening of culture as described by Shew an et 
al. (1960). 
Results and discussion 
Organoleptic studies 
The effects of delayed icing on the shelf-life of three different species of ice stored 
fish as determined by organoleptic evaluation is shown in Table 1. Fishes kept in ice 
immediately after catch showed longer shelf-life than those stored in delayed icing 
irrespective of species. Tilapia and magur were found in acceptable condition for 18, 12 
and 10 days for immediate icing, 5 h and 10 h delayed icing respectively before they 
become organoleptically unacceptable. Catla showed similar trends of shelf-life and was 
found in acceptable condition for 20, 14 and 12 days for immediate, 5 hand 10 h delayed 
icing respectively. 
Table 1. Effect of delayed icing on the shelf life of catla, magur and tilapia fish 
Species Ice stored immediately Ice stored 5 hr after Ice stored 10 hr after 
after catch death death 
Catla 20 days 14 days 12 days 
Magur 18 days 12 days 10 days 
Tilapia 18 days 12 days 10 days 
The patterns of organoleptic quality changes observed here with all the three fish 
species in all storage conditions were quite similar. The pattern can be divided in to 4 
phases corresponding to period of 0 to 4, 4 to 12, 12 to 16, 16 to 20 and 0 to 3, 3 to 6, 6 to 
10, 10 to 14 and 0 to 3, 3 to 6, 6 to 10, 10 to 12 days in ice in case of immediate icing, 5 h 
and 10 h delayed icing respectively. In phase 1, the fishes except 10 hr delayed icing 
were fresh and in excellent quality with a specific taste and natural flavour and odour. In 
phase 2 there was a little deterioration apart from slight loss of natural flavour. In phase 
3 signs of early spoilage were evident with sour off-flavour but the fishes were judged as 
acceptable quality. In phase 4, the fish begin to taste stale, its appearance and texture 
begins to show obvious signs of spoilage, and the abdominal cavity had unpleasant smell. 
The shelf-life of fish varies from species to species, size, their chemical composition 
and ambient temperature in which the fish are kept. In the present study, catla had 
longer shelf-life than tipalia and magur. This result is in agreement with Bandopadhyay 
et al. (1985), who reported that bigger sized fish have better ice storage life compared to 
smaller size one. The effect of delayed icing on the loss of shelf-life in all fish species was 
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very obvious here. It was found in the present study that for every hour delay in icing 
shelf-life reduced by almost one day. This is due to initial quality loss during exposure of 
fishes at ambient temperature between 27 and 30°C. Thomas and Methen (1995) 
demonstrated that the shelf-life of Indian Scad (Decapterus russelli) were for 2, 1 and less 
than 1 day for 3, 6 and 8 h delayed icing respectively. 
The pattern of quality changes observed in the present study is almost similar to 
that reported for the ice stored Codfish (FAO 1975). Faruk et al. (1998) reported that 
rohu fish (Labeo rohita) stored in ice in an insulated box immediately after catch had a 
shelf-life for 20 days. Hilsa fish (Hilsa ilisha) remained in acceptable condition up to 18 
days when stored in ice in an insulated box immediately after catch while they were 
found acceptable up to 8 days when obtained from local market and stored in ice in 
wooden box (Kamal et al. 1994). Bandyopadhyay (1986) suggested that Catla catla and 
Labeo fimbriatus could be kept in ice for 18 days before it becomes unacceptable. 
Rigor-mortis progress in fishes 
Rigor-index of catla, magur and tilapia stored at room temperature (27 to 30°C ), ice 
stored immediately after death, 5 hr after death and 10 hr after death are shown in Fig. 1, 
2, 3 and 4 respectively. Rigor started within 15 min after death in fish stored both in 
room temperature and in ice. However, the progress of rigor-mortis was more rapid at 
room temperature than in ice. Rigor mortis of catla, , magur and tilapia kept at room 
temperature attained full rigor (100%) after 8, 4 and 5 hr respectively (Fig. 1). The state 
of rigor at this level continued for 2, 4 and 1 hr respectively and then started to relax 
from rigor. Complete relaxation occurred after 20, 20 and 16 hr of storage for catla, 
magur and tilapia, respectively. At this stage the fish emitted an offensive odour. 
The fishes kept in ice immediately after death attained full rigor after 4, 2 and 2 h 
respectively (Fig 2). The state of rigor at this stage continued for 8, 16 and 12 hr for 
catla, magur and tilapia, respectively and then started to relax from rigor. Complete 
relaxation occurred after 120, 112 and 104 hr of ice storage respectively without showing 
any perceptible sign of spoilage. Under this condition the shelf-life of these fishes were 
20, 18 and 18 days for catla, magur and tilapia, respectively according to organoleptic 
evaluation. In case of delayed icing when catla, magur and tilapia were stored in ice 5 hr 
after death, the progress rate of rigor-mortis was faster (Fig. 3) than that of fish stored in 
ice immediately after death. The fishes attained full rigor within 6, 6 and 4 hr and this 
stage continued for 8, 14 and 10 hr respectively, and complete relaxation occurred at 102, 
92 and 88 hr respectively for catla, magur and tilapia. Under this storage condition the 
shelf-life of these fishes were found in acceptable condition for 14, 12 and 12 days 
respectively. Again, when the fishes stored in ice at 10 hr delay after death, attained full 
rigor after 10, 6 and 4 hr (Fig. 4). The state of rigor at this stage continued for 6, 10 and 
8 hr respectively and then started to relax from rigor. Complete relaxation occurred after 
90, 84 and 76 hr respectively without showing any perceptible sign of spoilage. The 
shelf-life of these fishes was 12, 10 and 10 days respectively according to organoleptic 
evaluation .. 
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Fig. 1. Rigor-mortis process in catla, magur and 
ilapia fish stored at room temp. (27-30°C). 
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Fig. 3. Rigor-mortis process in catla, magur and 
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Fig. 2. Rigor-mortis process in catla, magur and 
ilapia fish during ice storage immediately afte 
death. 
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Fig. 4. Rigor-mortis process in catla, magur and 
ilapia fish ice stored 10 hr aftr death. 
The above results showing a general trend that delay in icing makes full rigor period 
shorter and time required for complete relaxation from rigor also become shorter. A 
study showed that Selas leptolepsis, whether iced 9 hr or 12 hr after landing resulted in a 
shelf-life of eight days (FAO 1985). There are many factors that are responsible for the 
progress of rigor-mortis such as species, size, and catching method, handling of the fish, 
temperature and the physical condition of the fish. Among them rigor-mortis is known 
to be dependent mostly on temperature that influences the onset and the rate of progress 
of rigor-mortis. Although it is generally acceptable that the onset and duration of rigor-
mortis is more rapid at high temperature and on the other hand lower temperature 
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delays the rigor-mortis progress. Several fish species such as tilapia, red sea bream and 
plaice have recently been reported to shorten their pre-rigor periods when stored in ice 
(Poulter et al. 1981, Iwamoto and Yamanaka 1986). In the present study, rigor-mortis 
progress rate was found much faster in fish held at ice (0°C) than that of fish held at 
room temperature and for that the shelf life of fish was short at room temperature. 
Comparatively full rigor period lasts longer in magur than tilapia and catla. It is clear 
that immediate icing of fish shortened the pre-rigor but slows down the rate of progress 
of rigor-mortis. 
Bacteriological study 
The result of the aerobic plate count (APC) in muscle after shelf-life study of catla, 
magur and tilapia, kept at room temperature, in ice immediately after death, 5 hr and 10 
hr delay after death are shown in Table 2. Fishes kept at room temperature were 
organoleptically unacceptable after 20, 20 and 16 hr after death. At this time, the APC 
per gram fish muscle was 1.54 xl08, 2.28 x109, and 0.65 xl09 CFU/g respectively. The 
fish kept in ice immediately after death were had shelf-life of 20, 18, and 18 days 
respectively and the APC per gram of fish muscle at that point were 0.98 x107, 0.27 x109 
and 0.53 x108 CFU/g respectively. Fishes iced after 5 hr of death and stored in an 
insulated box were organoleptically unacceptable after 14, 12 and 12 days respectively. 
At this time, the APC per gram of fish muscle was 0.82x 108, 1.92 x108 and 1.20 x108 
CFU/g respectively. Fishes iced after 10 hr of death and stored in an insulated box were 
organoleptically unacceptable after 12, 10 and 10 days respectively. At this time, APC 
per gram offish muscle were 0.48 x108, 0.41 x107 and 0.98 x108 CFU/g respectively. 
No definite trend could be observed when compared the spoilage pattern of these 
fishes under different storage conditions. The highest bacterial load was found in magur 
spoiled at room temperature, on the other hand lowest bacterial load was found in magur 
spoiled ice during storage when icing was done after 10 hr of death of the fish. Generally, 
bacterial load was lowest in the fishes spoiled during ice stored condition when iced 10 
hr after death of the fish and highest load was found in fishes spoiled at room 
temperature. The results of this study indicate that mesophilic spoilage bacteria involved 
in higher numbers during spoilage at low temperature. This may be due to the fact that 






Table 2. Aerobic plate count (APC) of ice stored catla, magur and tilapia 
muscles at the end of shelf life study 
Stored at room Ice stored Ice stored 5 hr Ice stored 10 hr 
temp. immediately after after death after death 
APC/g catchAPC/g APC/g APC/g 
1.54x108 0.98x107 0.82x108 0.48x108 
2.28xl09 0.27xl09 1.92xl08 0.4lxl07 
0.65x109 0.53x108 1.20xl08 0.98x108 
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The generic distribution of bacteria (%) in the muscle of fishes spoiled at room 
temperature and in ice is shown in Table 3. A total of98 bacterial isolates were obtained 
from the spoiled fish at room temperature among them 19 isolates from tilapia, 56 
isolates from magur and 23 isolates from catla. Generally, a total of six different bacterial 
genera were identified and Micrococcus was found to be the most dominant group 
followed by Coryneforms and Psedomonas. The other genera found were Achromobacter, 
Enterobacteriaceae and Flavobacterium but no Bacillus was found. In case of fish stored in 
ice immediately after death, a total of 100 bacterial isolates were recovered from the 
spoiled fishes. Among them SO isolates were obtained from tilapia, 32 isolates from 
magur and 28 isolates from catla. The bacterial genera recovered form the fish kept at 
room temperature were also found the ice-stored fish. Isolates from ice stored tilapia and 
magur indicated an overall dominance of Coryneforms and in catla Achromobacter was 
found to be the most dominant group. 
Fish 
Table 3. Generic distribution of bacteria(%) isolated from catla, magur and 
tilapia spoiled at room temp. and ice storage 
Micrococcus Coryne Enter a- Pseudo Achroma Flavobac No. 
sample form bacteriaceae monas bacter terium isolets 
Spoled at room temp. 
Catla 43.47 3Q.43 0 8.69 17.39 0 23 
Magur 73.21 14.28 1.78 7.14 0 3.57 56 
Tilapia 57.87 5.78 0 10.52 15.78 0 19 
Spoled at ice storage 
Catla 37.5 12.5 0 0 so 0 28 
Magur 34.37 40.62 6.25 6.25 12.5 0 32 
Tilapia 20 70 0 0 5 5 so 
of 
There are only few reports available on the bacterial compos1t10n of tropical 
freshwater fish. Liston (1980) reported that warm water fish carry mostly Micrococcus, 
Coryneforms and Bacillus. Faruk et al. (1998) identified Micrococcus, Coryneform, 
Pseudiomonas, Flavobacterium/Cytophaga and Achromobactet· in Labeo rohita ice-stored in 
an insulated box. Besides Micrococcus and Coryneform, other genera of bacteria found in 
this study were Pseudomonas, Flavobacterium and Achromobacter, which are commonly 
found in fishes of freshwater and marine origin. These bacteria are recognised as fish 
spoilage bacteria and grow well at low temperature (Frazier and Westhoff 1990). 
In is known that autolytic spoilage process is more active in the early period and 
bacterial spoilage during later storage ·period and this is the predominant factor 
influencing organoleptic assessment. It is documented that the bacterial spoilage of fish 
does not begin until after rigor-mortis, where juices are released from flesh-fibers 
(Frazier and Westhoff 1990). Therefore, the more rigor-mortis is delayed or protracted, 
the longer the keeping quality or shelf-life of the fish. 
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